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(Vlith 4 figures) 
That the activity to deaminate urea is distributed in various parts of the 
clam, Meretrix, has been reported by the present author (1954 b). He has also 
reported that two species in the genus Corbicula differ in their activity to deaminate 
urea, as he studied them with total soft bodies (Ishida 1954 d). In carrying out 
these investigations the review by Florkin (1945), in which the presence of urease 
in lamellibranch tissues is given certain significance in respect of the nitrogen 
metabolism, has been referred to. 
On the other hand, the author has been interested in the fact that certain 
activities are localized predominantly in certain organs or parts of bivalves. Urea 
deamination takes place with higher activities in the gill and mid-gut gland 
(Ishida 1954 b), and the breakdown of guanine seems to be localized almost 
exclusively in the gills (Ishida 1954 a), according to his own investigations on 
Meretrix. The lamellibranch gills are reported also by other workers to be the 
richest in content of carbonic. anhydrase in many species (Freeman and Wilbur, 
1948; Kawai 1954). 
Taking account of these facts the· author has carried out a survey into the 
distribution of the urea-deaminating activity in three pelecypod species, and has 
observed that they differ somewhat from· each other in their patterns or types of 
distribution of the activity. These patterns- the distribution patterns- will 
be described .and compared with each other in the following. 
The author's gratefulness to Prof. Shichiroku Nomura, for his encouragement 
* Dedicated to Professor Emeritus Dr. Shinkishi Hat<ii, the founder of the Marine 
Biological Station of Asamushi. 
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and criticism, should be expressed cordially on this occasion. 
MATERIAL AND METHOD 
Fresh specimens of Mactra sulcataria Reeve, Anadara (Scapharca) inflala 
(Reeve), and Venerupis (Amygdala) Philippinarum (Adams et Reeve,, all being 
the inhabitants of sea-water; were used as materials. Their gills, mid-gut 
glands, mantles and feet ~ere compared as regards the activity of urea-deam-
ination. Specimens of adequate sizes were chosen so as the tissues of each organ· 
could be collected from a single individual in an amount sufficient to be analyzed. 
Each organ, weighing 0.3 g or more, was ground in a mortar and was diluted 
with neutral phosphate buffer to the volume ten or more times that of the organ 
itself. After standing for several minutes the tissue suspension thus prepared was 
centrifuged. The supernatant was used for the determination~ 
The activity of urea-deamination was determined by adding 0.8 cc of the 
above extract to 0.2 cc of 0.1 % urea solution in a Conway unit and comparing, 
through Nesslerization and electric Colorimetry, the amount of ammonia-nitrogen 
in 'Y produced by the extract of 100 gm wet tissues in 15 minutes at room 
temperature (2s-30'C) with that produced in the control preparation, which 
contained water in place of urea solution but was similar to the experimental in 
other respects (Ishida 1954 b). 
RESULTS 
~"I 
1. · Mactra sulcataria. The mid-gut gland showed the highest activity to 
deaminate urea in two out of three individuals of M actra sulcataria investigated. 
In the other individual the activity was considerable in the gill, exceeding that 
in the mid-gut gland. These results will be seen in Table 1. They are also 
expressed in tetragonal patterns, which respresent the activities of the four organs 
(Fig. 1). 
2. Anadara inflata. This species, as is shown in Table 2 and Fig. 2, has 
the highest activity in the gill among four organs investigated. Next comes the 
mid-gut gland but far behind. The general feature of the distribution pattern 
seems to be analogous to that in Meretrix in which, however, the differ_ence between 
the gill and the mid-gut gland was not so remarkable as in the present species. 
This may be recognized by comparing respective tetragons in Figs. 2 and 4. 
3. Venerupis philippinarum. So far as investigated, the distribution of 
the urea-demainating activity in Venerupis seems to be rather disorderly if 
compared with those in other species described above. Mantle and foot, which 
were far less active in other kinds of shellfish, appeared to be the highest in 
activity in some individuals in this species (Table 3). Thus the tetragons to 
express distribution patterns are quite variable in shape, as is shown in Fig. 3. 
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Table I 
Table 1 The activity to deaminate urea, in the gill, mid-gut gland, mantle and 
foot of the bivalve, Jvlactra sulcataria Reeve, at pH 7.0, 28--30°C. 
Ammonia-nitrogen produced by 
extract of 100 mg tissues in 15 Ammonia-nitrogen . 
Organ Individual 
minutes removed from urea by 
extract of 100 mg tissues 
with urea 
I 
without urea in 15 minutes (7} 
(y) (y) 
A 22.5 9.4 16.1 
Gill B 33.7 8.4 '25.3 
c 24.8 7.4 17.4 
Mid-gut A 46.8 11.4 35.4 
B 35.9 11.6 24.3 gland c ' 37.0 15.8 21.2 
A 16.7 - 9.1 7.6 
Mantle* B 13.6 7.8 5.8 
c '9.4 5.8 3.6 
A 10.1 7.3 2.8 
Foot B 9.9 7.0 2.9 
c 6.7 4.1 2.6 
' 
*with siphons. 
Fig. L Tetragonal representation of the ditsribution patterns of the activity to 
.deaminate urea in 1\1 {tetra sulcataria. The activities will be read, in '}' ammonia-
nitrogen r'emoved from urea by extract of 100 mg tissues in 15 minutes, upward 
for gill, to the left for mid-gut gland, downward for mantle, and to the right for 
foot. 
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Table 2 
The activity to dcaminatc urea, in the gill, mid-gut gland, mantle and loot of 
· . the biv"'lve, Anadara inflata, at pH 7.0, 28-30°C. 
Arrimonhi-nitrogen produced by 








.;, L 22.4 
. ! M 25.6 
K 16.4 Mid-gut L 14.6 gland M 15.6 
K 9.9 




Foot L 6.1 
M 8.8 
*Marginal and caudal thicker parts. 
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Fig. 2. Tetragonal represen-
tation of the distnbutioP 
patterns of the activity to 
deaminate urea in A nadata 
tnflata. The activities will be 

















removed from urea. by 
extract of 100 mg ttssues 














Fig. 3. Tetragonal representation of the distribution patterns of the activity 
to deaminate urea in Venempis p!dlippinarum. The activities will be reacl as 
in Fig. 1. 
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Table 3 
The activity to deaminate urea, in the gill, mid-gut gland, mantle and foot 
of the bivalve, Venerupis philippinarum, at pH 7.0, 28-30°C. 
Ammonia-nitrogen produced by 







(x) 18.4 !4.8 
(x x) 36.0 17.4 
Gill R 27.6 15.6 
s 25.4 15.6 
T 35.4 21.4 
(x) 23.6 17.4 
Mid-gut (x x) 31.2 26.4 
R 29.4 22.4 gland s 27.2 22.4 
T 41.4 29.4 
(x) 12.8 5.9 
(x x) 12.2 6.6 
Mantle* R 23.0 9.4 
s 15.6 10.4 
T 15.6 9.4 
(x) 12.8 5.9 
(xx) 10.4 6.4 
Foot R 22.4 12.2 
s 20.6 8.6 
T 19.0 8.6 
* "Without siphons. 
(x) : Organs collected from 4 individ nals. 
(xx) : Organs collected from 2 individuals. 
Ammonia-nitrogen 
removed from urea by 
extract of 100 mg tissues 





















DISCUSSION AND CONCLUSION 
It was noted, in above observations, that there are certain di.fferences in the 
patterns of the distribution of the urea-deaminating activity with species and, to 
a certain extent, with individuals within a single species. Although the examples 
are not yet accumulated to the extent sufficient to give a definite conclusion, rough 
outlines of the characteristic patterns specific to respective species co)lld be 
sUggested. In the former investigation on the urea-deamination in Meretrix the 
author carried out determinations with materials from different individuals. The 
data thus obtained may also show at least the general outline of the pattern, which 
is expressed figuratively in Fig. 4 for the sake of comparison with other species, 
in case there is more or less a definite order of the activities among different organs. 
But in some species like Venerupis the pattern may vary considerably :vith 
individuals, and it is in such cases that the determinations with organs from a 
single individual must especially be necessary. 
Generally speaking, the distribution pattern of the urea-deaminating activity 
could be classified into three. types. The first type may be .called "branchial", 
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Fig. 4. Tetragonal representation 
0£ ··the distribution patterns of the 
activity to deaminatc urea in ld eret-rix 
meretrix lusoria (Gmelin): The 
activities will be read as in Fig. 1. 
The data are taken from the.author's 
former·work (Is}:lida .1954.b), and are 
expressed on respective axes . with 
dots which could not be connected 
· wlth each other with· solid lines, as 
they represent different individuals. 
.and may represent patterns of Anadara 
and Meretrix, where the activity is largely 
localized in the gill lamellae. The second 
or the intermediate type may be called 
"hepatobranchial" and may represent the 
pattern found in M actra where the 
activity is highest in the gill and or the 
mid-gut gland. The third type, which 
represents the· pattern of Venerupis, 
could hardly be called a type, for it is 
charact~rized by its irregularity of the 
distribution of activity. But the author 
would call it "irregular" type to dis-
criminate it from other types. As this 
irregularity was observed in specimens 
which had been treated in practically 
the same manner in the same place 
before the use for experiments, it could 
hardly be interpreted as due to environ-
mental or manipulatory irregularities. 
The classification of the types as such, however, must not be taken as rigorous, 
for it may be le~ised by further investigati~ns and also by finding out certa~n 
other organs or parts which are more important than the present four organs m 
respect of the deamination of urea or other activities. So far, nevertheless, it 
may be· of some use for comparing general outlines of nitrogen catabolism in 
relation to the anatomy of bivalves ·and, perhaps, of certain other groups of 
animals. 
The physiologic significance of the molluscan gill lamellae has been emphasized 
in the works of several authors. This has been the case especially with the 
activity of deaminating guanine in Meretrix (Ishida 1954 a). Carbonic anhydrase 
is reported to be localized very largely, though by no means exclusively, in the 
molluscan gills (Freeman and Wilbur 1948; Ikinaga 1954; Kawai 1954). The 
author, however, will report elsewhere that the gill takes not the highest, but 
rather a very ·Jaw position as regards the activity of removing hydrogen from 
hypoxanthine and xanthine (Ishida 1955). Thus he believes tbat the investig-
ations in the comparativ~ way as such may contribute to throwing some light on 
metabolic patterns of lower animals, and it is for this reason that he attempts to 
express figuratively the distribution of the tuea-dcaminating activity in the 
bivalves. . .. 
In short, the deamination of urea seems to go on mo~t actively in the gill in 
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Meretrix and Anadara. In Mactra, on the other hand,· the mid-gut gland takes 
a higher position than ,the gill in this regard. The distribution of the activity in 
V eneru,pis seems to be more un~versal within its soft parts and more irregular 
and sporadic than in other species investigated. 
Among all the materials hitherto studied by . the an thor, the gill and the 
• mid-gut gland of Mactra have shown eminently high activities of deamination. 
SUMMARY 
I. Distribution of the activity of deaminating urea in gills, mid-gut glands, 
mantles and feet of three marine species of bivalves was investigated. 
2. In Mactra sulcataria the activity was highest in the mid-gut gland and 
then in the gill, whereas it was lowest in the mantle and foot. 
3. The gill was the main site of urea-deamination in Anadara inflata in 
which other three organs were rather poor in this activity. This species resembles 
Meretrix in which the activity seemed to be distributed in the order: gill- mid-
gut gland- mantle- foot: 
4. Tn Venerupis the distribution appeared to be rather irregular and sporadic, 
the feet and mantles being more important sometimes .. 
5. Figurative representation and classification of distribution patterns were 
attempted. 
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